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(54) Fuel injector for internal combustion engines 

(57) In this fuel injector for internal combustion en- 
gines, a pressure chamber(8) is provided at an end por- 
tion of a pressure increasing piston(9) which is adapted 
to increase the pressure of a fuel in a pressure increas- 
ing chamber(7), and a hollow portion(30) which is on the 
back side of the pressure increasing piston(9) is opened 
to the atmospheric air through communication ports(40) 
formed in an injector body. The pressure increasing pis- 
ton(9) comprises a small-diameter portion(24) of a 
plunger which defines a part of the pressure increasing 
chamber(7), a large-diameter portion (25) of a piston 
which defines a part of the pressure chamber(8), and a 
guide ring portion(41) extending downward from the 
whole circumference of the large-diameter portion(25) 
and fomning a sliding surface with respect to a hollow 
(26). The hollow portion(30) is provided with a return 
sprlng(18) for biasing the pressure increasing piston(9) 
toward the pressure chamber(8). Since the hollow por- 
tion(30) of this fuel Injector is opened to the atmospheric 
air, the resistance to the vertical movement of the fuel 
pressure increasing piston(9) is eliminated, and the re- 
sponsiveness of the needle valve(23) is improved. 



FIG. 1 
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Description 




This invention relates to a fuel injector having a fuel 
pressure increasing chamber for internal combustion 
engines. 

Conventional fuel injectors for multlcyllnder engines 
include an injector of fuel injection system (electronically 
controlled fuel injection system) adapted to control the 
injection quantity and injection timing by an electronic 
circuit, an injector of common injection system (common 
rail injection system) adapted to distribute a fuel from an 
injection pump to each combustion chamber through a 
common passage, and an injector of pressure accumu- 
lation type injection system (accumulator injection sys- 
tem) adapted to distribute a fuel from an injection pump 
to each combustion chamber through a common pas- 
sage and an accumulator. In the fuel injectors of these 
systems, an accumulator in which the fuel from an in- 
jection pump Is temporally stored is not provided, and 
the supply of a fuel to each fuel injector is therefore done 
through a common rail constituting a common passage. 

A conventional electrically controlled hydraulically 
operated type fuel injector for engines include, for ex- 
ample, is disclosed in Japanese Patent Laid-Open No. 
294362/1994. This fuel injector is such that the fuel 
noise and fuel emission in the engine are reduced by 
variably controlling the fuel flow rate characteristics of a 
hydraulically operated injector In a fuel injection stroke 
of the engine. 

As shown in Fig. 3, this fuel injector comprises an 
injector body having a hollow and injection ports 1 3, and 
a case 6 which Is so provided as to have a clearance no 
the outside of the injector body and as to form a fuel 
chamber 20, and which is sealed at one end of the fuel 
chamber 20 with an engagement surface and at the oth- 
er end thereof with a contact surface 14, The injector 
body comprises a nozzle body 2 having Injection ports 
1 3, a fuel supply body 5 provided with a fuel pressure 
increasing chamber 7, an injector body 4 provided with 
a pressure chamber 8 to which a working oil is supplied, 
and a solenoid body 3 adapted to operate a solenoid 
valve 16. The case 6 is engaged at one end thereof with 
the nozzle body 2 via the contact surface 14 thereof, 
and fitted fixedly at the other end portion thereof to the 
injector body 4, in such a manner that the case 6 sur- 
rounds the fuel supply body 5 which is between the noz- 
zle body 2 and injector body 4, so as to form the fuel 
chamber 20, and thereby the fuel chamber 20 Is sealed 
with respect to the outside. 

This fuel injector for Internal combustion engines 
has the pressure increasing chamber 7 formed in the 
fuel supply body 5 and adapted to increase the pressure 
of the fuel supplied from the fuel chamber 20, the fuel 
supply body 5 adapted to supply a fuel from the pressure 
increasing chamber 7 to the injection ports 1 3, fuel pas- 
sages 22 formed in a spacer body 21 and nozzle body 
2, a needle valve 23 held slidably in a hollow of the noz- 
zle body 2 and adapted to open the injection ports 13 



2 

by af uel pressure, a pr^^Be increasing piston 9 adapt- 
ed to increase the preSK of the fuel In the pressure 
increasing chamber 7, a pressure chamber 8 to which 
a high-pressure working fluid for exerting a high pres- 
sure on an end portion of the pressure increasing piston 
9 Is supplied, and a solenoid valve 16 constituting a con- 
trol valve for controlling the supply of the high-pressure 
working oil to the pressure chamber 8. The pressure in- 
creasing piston 9 comprises a small-diameter portion 24 
constituting a plunger defining at its lower end surface 
a part of the pressure increasing chamber 7, and a large- 
diameter portion 25 constituting a piston defining at its 
upper end surface a part of the pressure chamber 8 and 
adapted to move reclprocatlngly in a cylinder chamber 
In the pressure chamber 8. 

A return spring 1 8 for exerting a resilient force to the 
needle valve 23 in the direction in which the injection 
ports 1 3 are closed is provided in a hollow 29 formed in 
the spacer body 21. A return spring 17 for biasing the 
pressure increasing piston 9 toward the pressure cham- 
ber 8 is provided in a hollow portion 30 comprising a 
hollow 26 of the injector body 4 between an end surface 
of the large-diameter portion 25 of the pressure increas- 
ing piston 9 and an end surface of the fuel supply body 
5. The injector body 4 is provided on the working oil cut- 
ting side thereof with a return spring 19 adapted to bias 
the solenoid valve 16. In the fuel injector for an internal 
combustion engine, the hollow portion 30 in which the 
pressure increasing piston 9 is provided communicates 
with the fuel chamber 20 through a passage 28, and the 
f uei pressure therein is equal to that in the fuel chamber 
20. 

There is a known fuel supply system for a fuel in- 
jector of an internal combustion engine which is shown 
in Fig. 2. In this internal combustion engine, fuel injec- 
tors 1 are provided in cylinders thereof. The fuel injec- 
tors 1 are provided with a common fuel supply passage, 
i.e. a common rail 51 . The fuel in a fuel tank 52 is sup- 
plied to the common rail 51 through a fuel filter 54 by the 
operation of a fuel pump 53. The common rail 51 com- 
municates with each fuel injector 1 , and the fuel is re- 
turned to the fuel tank 52 through a fuel return passage 
55. Each fuel injector has a fuel supply port 11 and a 
fuel discharge port 12 in the common rail 51 to which a 
fuel of a predetermined pressure is constantly supplied. 
The opening/closing of the injection port of each fuel in- 
jector 1 is done by controlling a solenoid 10. 

The fuel injector 1 is formed so that a high-pressure 
working fluid (i.e. a working oil) is supplied to the pres- 
sure chamber 8 so as to increase the pressure of the 
fuel supplied to the fuel injector 1 . Each fuel injector 1 
is connected to a high-pressure oil manifold 56. The 
high-pressure oil manifold 56 is supplied with the oil from 
an oil reservoir 57 through an oil supply passage 61 by 
the operation of an oil pump 58, and the oil supply pas- 
sage 61 is provided in Its intermediate portion with an 
oil cooler 59 and an oil filter 60. The oil supply passage 
61 branches into a lubrication passage 67 communicat- 
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jng with an oil gallery 62, ancLj^Hking oil passage 66 
from which the working oil is^9Pplied to the pressure 
chambers In the fuel injectors. The working oil passage 
66 is provided with a high-pressure oil pump 63. and the 
supply of the oil from the high-pressure oil pump 63 to s 
the high-pressure oil manifold 56 is controlled by a flow 
rate control valve 64. A controller 50 is formed so as to 
control the flow rate control valve 64 and the solenoids 
10 of the fuel injectors 1 . 

When the solenoid 10 in the fuel injector shown in io 
Fig. 3 for internal combustion engines is energized by 
an Instruction from the controller (Fig. 2), an armature 
32 is attracted thereto, so that the sblenoid valve 16 
fixed to the armature 32 Is lifted against the resilient 
force of the return spring 1 9. When the solenoid valve is 
16 Is lifted, a port 33 is opened, and the high-pressure 
working oil is supplied from the high-pressure manifold 
56 to the pressure chamber 8 through a supply passage 
31 and a passage 34 which are formed in the injector 
body 4. When the high-pressure working oil is supplied 20 
to the pressure chamber 8, a working pressure is exert- 
ed on the upper surface of the large-diameter portion 25 
of the pressure increasing piston 9. The fuel is supplied 
from the supply port 11 formed in the case 6 to the fuel 
chamber 20. and then from the fuel chamber 20 to the 2S 
pressure increasing chamber 7 through an orifice 35. 

When the pressure increasing piston 9 is moved 
down by the working oil, the orifice 35 is closed to cause 
the pressure of the fuel in the pressure increasing cham- 
ber 7 to Increase. When the pressure of the fuel In the 30 
pressure increasing chamber 7 is thus increased, the 
fuel pressure causes the needle valve 23 to lift against 
the resilient force of the return spring 18. When the so- 
lenoid 10 is deenerglzed, the solenoid valve 16 lowers 
due to the resilient force of the return spring 1 9, and the 3S 
high-pressure working oil In the pressure chambers is 
drained through a drain groove 39 and a drain passage 
38 which are provided in the solenoid valve 16. When 
the high-pressure working oil in the high-pressure 
chamber 8 is thus drained, the pressure increasing pis- ^0 
ton 9 returns to its original position owing to the resilient 
force of the return spring 17, and the pressure in the 
pressure Increasing chamber 7 becomes equal to that 
in the fuel chamber 20 to cause the fuel pressure applied 
to the needle valve 23 to decrease, and cause the in- 
jection ports 1 3 to be closed by the needle valve 23 ow- 
ing to the resilient force of the return spring 18, 

In the injector for Internal combustion engines, the 
hollow portion 30 in which the pressure Increasing pis- 
ton 9 is provided communicates with the fuel chamber so 
20 through the passage 28, and the fuel pressure In the 
hollow portion 30 is equal to that in the fuel chamber 20. 
Therefore, even though the pressure increasing piston 
9 is pressed down by the pressure of the high-pressure 
working oil in the pressure chamber 8, it is necessary ss 
that the fuel in the hollow portion 30 be discharged by 
this oil pressure to the fuel chamber 20 through the pas- 
sage 26, so that the valve timing responsiveness lowers. 



Narriely, in order to lov^^^ pressure increasing piston 
9 by the working oil prHnre to cause the pressure in 
the pressure increasing chamber 7 to increase, the nee- 
dle valve 23 to be lifted and the fuel to be Injected from 
the fuel injection ports 1 3, the fuel in the hollow portion 
30 in which the return spring 17 is provided must be dis- 
charged to the fuel chamber 20 through the passage 28. 
During the discharge of the fuel to the fuel chamber 20 
through the passage 28, a force stronger than that of 
the resistance of the passage 28 or that of the fuel pres- 
sure in the fuel chamber 20 is required, so that the be- 
havior time of the vertical movement of the pressure in- 
creasing piston 9 Is prolonged. Consequently, the injec- 
tion duration Increases, and the advantages of this high- 
pressure injection system are lost. 

An aim of the present invention is to solve these 
problems and provide a pressure increasing type fuel 
injector for internal combustion engines, wherein the 
pressure of a fuel accumulated in a common rail is in- 
creased In a pressure Increasing chamber, and thereaf- 
ter, the fuel Is Injected, characterized in that a hollow 
portion in which a return spring for returning a pressure 
Increasing piston operated by a high-pressure working 
fluid in a pressure chamber is provided is opened to the 
atmospheric air, thereby the behavior, vertical move- 
ment, of the piston is sharply shortened, and the needle 
valve opening/closing timing responsiveness is conse- 
quently Improved. 

The present Invention relates to a fuel injector for 
Internal combustion engine In which a pressure Increas- 
ing piston is moved by working fluid pressure to inject 
fuel comprising injection ports for fuel injection a pres- 
sure Increasing piston provided with a small and large 
diameter portions, a small diameter hollow with which 
said small diameter portion of said pressure Increasing 
piston is fitted slidably, a large diameter hollow with 
which said large diameter portion of said pressure in- 
creasing piston Is fitted slidably, a fuel pressure Increas- 
ing chamber formed by an end of said small diameter 
portion of said pressure increasing piston and said small 
diameter hollow, and which is communicated with a fuel 
supply passage and injection ports, a pressure chamber 
formed by an end of said large diameter portion of said 
pressure increasing piston and said large diameter hol- 
low, and which is communicated with a working fluid 
supply source, a return spring biasing said pressure in- 
creasing piston toward said pressure chamber and 
which is disposed in said targe diameter hollow, a seal 
member provided around said small diameter portion of 
said pressure increasing piston, at least one port com- 
municating a large diameter hollow portion with atmos- 
pheric air. 

Further, the present Invention relates to a fuel injec- 
tor for internal combustion engines comprising an injec- 
tor body provided with Injection ports from which a fuel 
is injected, a case provided on the outside of the Injector 
body so as to form a fuel chamber, a common rail com- 
municating with the fuel chamber through fuel ports 
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formed in the case, a pres|^Hicreasing chamber 
formed in tlie injector body anlHepted to Increase the 
fuel supplied from the fuel chamber, fuel passages 
formed in the injector body so as to supply the fuel from 
the pressure increasing chamber to the injection ports, s 
a needle valve which is supported slidabiy in a first hol- 
low formed in the injector body, and which is adapted to 
open the injection ports by a fuel pressure, a return 
spring for biasing the needle valve by the resilient force 
thereof in such a direction that the injection port is closed 
a pressure increasing piston adapted to increase the 
pressure of the fuel in the pressure increasing chamber, 
a pressure chamber to which a high-pressure working 
oil for exerting a high working pressure to an end portion 
of the pressure increasing piston Is supplied, and a con- 
trol valve for controlling the supply of the high-pressure 
working oil to the pressure chamber; the pressure in- 
creasing piston comprising a small-diameter portion de- 
fining a part of the pressure increasing chamber, a large- 
diameter portion defining a part of the pressure chamber 
and a guide ring portion extending downward from the 
whole circumference of the large -diameter portion and 
forming a sliding surface, a return spring for biasing the 
pressure increasing piston toward the pressure cham- 
ber being provided in a hollow portion formed of a sec- 
ond hollow, which is on the outside of the small-diameter 
portion, of the injector body, the injector body being pro- 
vided with communication ports for opening the hollow 
portion to the atmospheric air 

In this fuel injector for internal combustion engines. 
In the hollow of the injector body in which the small-di- 
ameter portion of the pressure increasing piston slides 
is provided, a seal member for preventing the leakage 
of a fuel from the pressure increasing chamber to the 
hollow portion is provided. 

In this fuel injector for internal combustion engines, 
In the hollow of the injector body in which the large-dl- 
ameter portion and guide ring portion of the pressure 
increasing piston slide a seal member for preventing the 
leakage of a high-pressure working fluid from the pres- 
sure chamber to the hollow portion is provided. 

In this fuel injector for internal combustion engines, 
a check valve is provided in a fuel passage which for 
communication of the pressure increasing chamber with 
fuel chamber. 

The supply of a fuel to the fuel chamber is done 
through fuel supply passages extending between the 
cylinders. 

The control valve comprises a solenoid valve adapt- 
ed to control the supply of a high-pressure oil to the pres- 
sure chamber in accordance with the operational con- 
dition of the engine. 

In this fuel injector, the hollow portion In which the 
return spring for returning the pressure increasing piston 
is provided is opened to the atmospheric air as men- 
tioned above. Accordingly, when the pressure increas- 
ing piston is moved down, only the air in the hollow por- 
tion is discharged through the communication ports, and 



the resistance to the v^^^ movement of the pressure 
increasing piston is elmBmed. This enables the pres- 
sure increasing piston to be moved up and down 
smoothly, the lowering behavior of the pressure increas- 
ing piston to be shortened, the responsiveness to the 
high-pressure working oil to be improved, the injection 
duration of the needle valve to be shortened, the after- 
dribble from the fuel injection ports to be prevented, pro- 
duction of smoke to be reduced, and the thermal effi- 
ciency to be improved. 

When the high-pressure working oil is supplied to 
the pressure chamber in this fuel injector, the pressure 
increasing piston discharges the air from the hollow por- 
tion to the outside through the communication ports and 
moves down, and, during this time, the discharge of the 
air is done without any resistance. When the high-pres- 
sure working oil in the pressure chamber is discharged 
through a drain passage, the pressure increasing piston 
is moved up to its original position owing to the resilient 
force of the return spring, the air flows into the hollow 
portion through the communication ports. Therefore, the 
pressure in the hollow portion does not become nega- 
tive, and a resistance to the upward movement of the 
pressure increasing piston does not occur. 

The hollow portion of the injector body can be 
sealed reliably with a seal member provided on the outer 
circumference surface of the large-diameter portion of 
the pressure increasing piston, with respect to the pres- 
sure chamber, and with a seal member on the outer cir- 
cumference surtace of the small-diameter portion of the 
pressure increasing piston, with respect to the pressure 
Increasing chamber. 

Embodiments of the present invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a sectbnal view showing an embodiment 
of the fuel injector for internal combustion engines 
according to the present invention; 
Fig. 2 is a schemata explanatory view showing a 
fuel supply system for the fuel injector for internal 
combustion engines; and 

Fig. 3 is a sectional view showing a conventional 
fuel injector for Internal combustion engines. 

An embodiment of the fuel injector for internal com- 
bustion engines according to the present invention will 
now be described with reference to Figs. 1 and 2. In Fig. 
1, the parts having the same functions as those shown 
in Fig. 3 are designated by the same reference numer- 
als. 

The fuel injector shown in Fig. 1 is used by incorpo- 
rating it into the fuel supply system of Fig. 2 therein, each 
cylinder of an engine being provided with this fuel supply 
system. In this embodiment, one fuel injector will be de- 
scribed with reference to Fig. 1. The fuel injector 1 has 
a fuel supply port 11 and a fuel discharge port 12 which 
are opened in a common rail 51 in the fuel supply sys- 
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tern, and a fuel of a predetem^H^ressure is supplied 
constantly to the fuel injector^Br fuel injector 1 com- 
prises a nozzle body 2 constituting an Injector body and 
provided with a hollow therein, a spacer body 21 provid- 
ed with a hollow 29, a fuel supply body 5 provided with 
a pressure increasing chamber 7 for increasing the 
pressure of the fuel, an injector body 4 provided with a 
pressure chamber 8 to which a high-pressure working 
oil is supplied, and a solenoid body 3 adapted to operate 
a solenoid valve 16 provided with a drain passage 38 
constituting a leak passage. 

A case 6 is fitted around the outer surfaces of the 
nozzle body 2 constituting the injector body, the spacer 
body 21 , the fuel supply body 5 and the injector body 4 
with a clearance formed therebetween, and a fuel cham- 
ber 20 is also formed. One end portion of the fuel cham- 
ber 20 is sealed with a contact surface 14 at which an 
end surface of the case 6 Is engaged with a stepped 
portion of the nozzle body 2, and the other end portion 
thereof with a seal member 15 fitted In an annular 
groove In the injector body 4. A pressure increasing pis- 
ton 9 is inserted in a hollow 42 formed in the fuel supply 
body 5. and a pressure increasing chamber 7 adapted 
to increase the pressure of the fuel supplied from the 
fuel chamber 20 through a fuel passage 37 is formed in 
an end portion of the hollow 42. The fuel passage 37 is 
provided with check valves 36 for preventing the high- 
pressure fuel in the pressure increasing chamber 7 from 
flowing back to the fuel chamber 20. The fuel in the pres- 
sure increasing chamber 7 is supplied to injection ports 
13 through a fuel passage 22 formed in the fuel supply 
body 5, a fuel passage 22 formed in the spacer body 21 
and a fuel passage 22 formed in the nozzle body 2. A 
needle valve 23 is held slidably In a hollow 46 of the 
nozzle body 2 and adapted to open the injection ports 
13. A fuel passage 27 is formed between the nozzle 
body 2 and needle valve 23, and the needle valve 23 is 
lifted when a high fuel pressure is exerted on a tapered 
surface 45 of an end portion thereof. 

A hollow 29 of the spacer body 21 is provided there- 
in with a return spring 18 adapted to bias the needle 
valve by the resilient force thereof in such a direction 
that the injection ports 1 3 are closed. One end of the 
return spring 18 is in contact with the upper end of the 
needle valve 23, and the other end thereof In contact 
with the fuel supply body 5. The pressure chamber 8 
formed in the injector body 4 is supplied with a high- 
pressure working oil from a high-pressure oil manifold 
56, and adapted to exert the pressure of the high-pres- 
sure working oil on the upper surface of the pressure 
increasing piston 9 and lower the piston 9, whereby the 
pressure of the fuel in the pressure increasing chamber 
7 is increased. In order to supply the high-pressure 
working oil to the pressure chamber 8, the solenoid 
valve 16 is lifted by the energized solenoid 10 to open 
a port 33 of an oil supply passage 31 formed in the in- 
jector body 4. When the port 33 openes, the high-pres- 
sure working oil from the high-pressure oil manifold 56 



is supplied to the preq^^^hamber 8 through the port 
33 and an oil passage^^F 

This fuel injector of the above-described construc- 
tion for internal combustion engines is provided with a 

5 hollow portion 30 comprising a hollow 26 of the injector 
body 4 in which a return spring 17 for biasing the pres- 
sure increasing piston 9 toward the pressure chamber 
8 Is provided, and, especially, a communication port 40 
for opening the hollow portion 30 which extend over the 

10 injector body 4 and the case 6 to the atmospheric air. 
The pressure increasing piston 9 comprises a small-di- 
ameter portion 24 defining a part of the pressure in- 
creasing chamber 7, a large-diameter portion defining 
a part of the pressure chamber 8, and a guide ring por- 

is tion 41 extending downward from the whole circumfer- 
ence of the large-diameter portion and forming a sliding 
surface with respect to the hollow 26 of the injector body 
4. The guide ring portion 41 has a function of stabilizing 
the vertical movement of the pressure increasing piston 

20 9. In order to prevent the high-pressure fuel in the pres- 
sure increasing chamber 7 from leaking to the hollow 
portion 30, a seal member 43, such as an O-ring is pro- 
vided in an annular groove formed in a wall surface of 
the hollow 42, in which the small-diameter portion 24 of 

2S the pressure increasing piston 9 slides, of the fuel supply 
body 5. A seal member 44 is provided in an annular 
groove fomned in a wall surface of the hollow 26, in which 
the large-diameter portion 25 and guide ring portion 41 
of the pressure increasing piston 9 slide, of the Injector 

30 body 4, so as to prevent the high-pressure working oil 
in the pressure chamber 8 from leaking to the hollow 
portion 30. 

This fuel injector for internal combustion engines is 
constructed as described above and operated as fol- 

35 lows. In this fuel injector for internal combustion en- 
gines, the solenoid valve constituting a control valve is 
operated by a controller 50 in accordance with the op- 
erational condition of an engine. As shown in Fig. 2, the 
rotational speed of the engine detected by a rotation 

40 sensor 68, the degree of opening of an accelerator de- 
tected by a load sensor 69 and the crank angle detected 
by an accelerator opening and position sensor 70 are 
inputted as information on the operational condition of 
the engine into the controller 50. The working oil pres- 

45 sure in the high-pressure oil manifold 56 which is de- 
tected by a pressure sensor 71 provided therein is also 
inputted into the controller 50. The controller 50 is adapt- 
ed to control the timing of the operation of the solenoid 
10. and the flow rate control valve 64, which is operated 

50 for maintaining the working oil pressure in the high-pres- 
sure oil manifold 56 at a suitable level, in accordance 
with these detected values. When the solenoid is ener- 
gized in accordance with an instruction from the control- 
ler 50, an armature 32 is attracted thereto and the sole- 

55 noid valve 16 is lifted. When the solenoid valve 16 is 
lifted, the port 33 is opened, and the high-pressure work- 
ing oil is supplied from the high-pressure oil manifold 56 
to the pressure chamber 8 through the oil supply pas- 
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sage 31 and passage 34. 

When the high-pressure^BIRng oil is supplied to 
the pressure chamber 8, the working oil pressure is ex- 
erted on the pressure increasing piston 9, causing the 
piston 9 to lower. During this time, the pressure increas- 
ing piston 9 Is moved down smoothly without any resist- 
ance to this movement since the hollow portion 30 on 
the back side of the pressure increasing piston 9 is 
opened to the atmospheric air through the communica- 
tion port 40. When the pressure increasing piston 9 is 
moved down, the end surface of the small-diameter por- 
tion 24 thereof pressurizes the fuel in the pressure in- 
creasing chamber 7, increasing the pressure thereof to 
a high level. During this time, a check valve 36 provided 
in the fuel passage 37 prevents the high-pressure fuel 
in the pressure increasing chamber 7 from flowing re- 
versely to the fuel chamber 20. The high-pressure fuel 
in the pressure increasing chamber 7 acts on the ta- 
pered surface 45 of the tip portion of the needle valve 
23 through the fuel passages 22, and the needle valve 
23 is thereby lifted against the resilient force of the return 
spring 18, whereby the high-pressure fuel is injected 
from the injection ports 1 3. 

When the solenoid 10 is deenergized according to 
an instruction from the controller 50, the solenoid valve 
16 closes the port 33 owing to the resilient force of the 
return spring 19, and the annular groove, i.e. the drain 
groove 39 formed in the outer circumferential surface of 
the solenoid valve 6 is made to communicate with the 
pressure chamber 8. Consequently, the high-pressure 
working oil in the pressure chamber is discharged 
through the drain passage 38, so that the pressure 
chamber 8 is opened to the atmospheric air. When the 
high-pressure working oil is discharged from the pres- 
sure chamber 8, the pressure-increasing piston 9 is re- 
turned to its original position owing to the resilient force 
of the return spring 1 7. During this time, the air srnoothly 
flows into the hollow portion 30 through the communi- 
cation port 40 since the hollow portion 30 which is on 
the back side of the pressure increasing piston 9 is 
opened to the atmospheric air. Namely, since the pres- 
sure of the hollow portion 30 which is on the back side 
of the pressure increasing piston 9 does not become 
negative, a force for preventing the upward movement 
of the pressure increasing piston 9 is not exerted ther- 
eon at all. When the pressure increasing piston 9 is lift- 
ed, the pressure of the fuel in the pressure increasing 
chamber 7 becomes equal to that of the fuel in the fuel 
chamber 20, and the fuel pressure exerted on the nee- 
dle valve 23 also decreases. Accordingly, the needle 
valve 23 is lowered by the resilient force of the return 
spring 18 to close the injection ports 13, finishing one 
stroke of a fuel injection period. 



Claims 

1. A fuel injector for Internal combustion engine in 



'which a'pressure^^Ksing piston(9) is moved by 
working fluid presSPPio inject fuel, comprising: in- 
jection ports(13) for fuel injection, a pressure In- 
creasing piston(9) provided with a small and large 

5 diameter portions(24, 25), a small diameter hollow 
(42) with which said small diameter portion(24) of 
said pressure increasing piston(9) is fitted sitdably, 
a large diameter hollow(26) with which said large 
diameter portion(25) of said pressure increasing 

10 plston(9) is fitted slidably, a fuel pressure increasing 
chamber(7) formed by an end of said small diame- 
ter portion(24) of said pressure increasing piston(9) 
and said small diameter hollow(42), and which is 
communicated with a fuel supply passage(51) and 

IS injection ports(13), a pressure chamber(8) formed 
by an end of said large diameter portion(25) of said 
pressure increasing piston(9) and said large diam- 
eter hollow(26), and which is communicated with a 
working fluid supply source(56), a return spring(17) 

20 biasing said pressure increasing piston(9) toward 
said pressure chamber(8) and which is disposed in 
said large diameter hollow(26), a seal member(43) 
provided around said small diameter portion(24) of 
said pressure increasing piston (9), at least one port 

25 communicating a large diameter hollow portion(42) 
with atmospheric air. 

2. Afuel injectorfor internal combustion engines, com- 
prising an injector body provided with injection ports 

30 (13) from which a fuel Is injected, acase(4) provided 
on the outside of said injector body so as to form a 
fuel chamber(20), a common rail(51) communicat- 
ing with said fuel chamber(20) through fuel ports 
formed in said case(4), a pressure increasing 

3S chamber(7) formed in said injector body and adapt- 
ed to increase the fuel supplied from said fuel cham- 
ber(20), fuel passages(22) formed in said injector 
body so as to supply the fuel from said pressure in- 
creasing chamber(7) to said injection ports(13), a 

40 needle balve(23) which is supported slidably in a 
first hollow(29) formed in said injector body, and 
which is adapted to open said injection ports(1 3) by 
a fuel pressure, a return spring (18) biasing said 
needle vatve(23) by the resilient force thereof in 

4S such a direction that the injection ports(13) is 
closed, a pressure increasing piston(9) adapted to 
increase the pressure of the fuel in said pressure 
increasing chamber(7), a pressure chamber(8) to 
which a high-pressure working oil for exerting a high 

so working pressure to an end portion of said pressure 
increasing piston(9) is supplied, and a control valve 
for controlling the supply of the high-pressure work- 
ing oil to said pressure chamber(8); the pressure 
increasing piston(9) comprising a small-diameter 

ss portion(24) defining a part of said pressure increas- 
ing chamber(7), a large-diameter portion(25) defin- 
ing a part of said pressure chamber(8) and a guide 
ring portion(41) extending downward from the 
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whole circumference of s| 
(25) and forming a slidinj 




Ibe-diameter portion 
ace. a return spring 



(17) for biasing said pressure increasing piston(9) 
toward said pressure chamber(8) being provided in 
a hollow portion (30) formed of a second hol[ow(26), 
on the outside of said small-diameter portlon(24), 
of said injector body, said injector body being pro- 
vided with communication ports(40) for opening 
said hollow portion(30) to the atmospheric air. 

3. A fuel injector for internal combustion engines ac- 
cording to Claim 2, wherein in a third hollow(42) of 
said injector body in which said small-diameter por- 
tion (24) of said pressure increasing plston(9) 
slides, a seal member(43) for preventing the leak- 
age of a fuel from said pressure increasing chamber 

(7) to said hollow portion(30) is provided. 

4. A fuel injector for internal combustion engines ac- 
cording to Claim 2, wherein in said second hollow 
(26) of said injector body in which said large-diam- 
eter portion(25) and said guide ring portion(41) of 
said pressure increasing piston(9) slide, a seal 
member(43) for preventing the leakage of a high- 
pressure working fluid from said pressure chamber 

(8) to said hollow portion(30) is provided. 

5. A fuel injector for internal combustion engines ac- 
cording to Claim 2, wherein a fuel passage(37) for 
communication of said pressure increasing cham- 
ber(7) with said fuel chamber(20) is provided with 
a check valve(36) for preventing the high-pressure 
fuel in said pressure increasing chamber(7) from 
flowing reversely to said fuel chamber(20). 

6. A fuel injector for internal combustion engines ac- 
cording to Claim 2, wherein the supply of a fuel to 
said fuel chamber(20) is done through a fuel supply 
passage extending between cylinders. 

7. A fuel injector for internal combustion engines ac- 
cording to Claim 2, wherein said control valve com- 
prises a solenoid valve(1 6) adapted to control the 
supply of a high-pressure oil to said pressure cham- 
ber (8) in accordance with the operational condition 
of an engine. 
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